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Abstract 

Magnetic and transport properties of Ti substituted Lao.67Sro.33Mn03 are drasti- 
cally affected with a change in preparation conditions. Low temperature infra-red 
absorption measurements reveal that this is perhaps due to inhomogeniety in sub- 
stitution of Ti 4+ on Mn sites. It is found that, in the high temperature annealed 
samples, the substitution of Ti supresses the double exchange interaction due to 
the formation of Mn 3+ -0-Ti 4+ chains. While in the low temperature annealed case 
substitution of Ti causes formation of isolated ferromagnetic clusters linked to each 
other by a variable range hopping polaron. 
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1 Introduction 



In recent years, the hole doped rare-earth manganites are one of the most 
intensively studied materials, being strongly attractive to both basic research 
and technology due to their rich physics and potential prospects of application 
[Tf2f3"] . Most of the undoped compounds (for example, LaMnOs) are insulators 
with antiferromagnetic order. Replacing rare-earth by a alkaline earth metals 
like Ca, Sr or Ba results in conversion of an appropriate number of Mn +3 
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to Mn+ 4 . This gives rise to ferromagnetic Mn +3 -0-Mn +4 double exchange in- 
teractions [3]. In this interaction the e g electron from Mn +3 is transferred 
to Mn +4 with a parallel spin configuration. In pertinent substitution ranges, 
where double exchange interactions dominate, some compounds can be metal- 
lic ferromagnets and exhibit colossal magnetoresistance at T c . Jahn- Teller type 
electron-phonon interactions are greatly responsible for the appearance of such 
properties [5|6|20j . Substitution especially at Mn site strongly affects the char- 
acter of Jahn Teller polarons and therefore the magnetic and transport prop- 
erties mainly due to difference in size of the dopant [2"0~t5] i.e., on the degree 
of GdFe0 3 -type lattice distortion and lattice disorder. The disorder induced 
by dopant ions occupying heterovalent sites has not been studied so far. Such 
a disorder can have tremendous effect on the properties of these materials. Ti 
doped CMR manganites offer such an opportunity. Ionic radius of Ti 4+ ion is 
known to be in between the ionic radii of Mn 4+ and Mn 3+ . Therefore there 
exists a distinct possibility that a fraction of Ti 4+ ions can occupy Mn 3+ sites 
in addition to the Mn 4+ sites. The available literature on Ti substitution in 
manganites indicates that Ti 4+ ions occupy the isovalent Mn sites in these ma- 
terials. [9|10|I11II12|I13|I14|I15|I16|I17II18] Recent reports have shown that though it 
prefers to occupy Mn 4+ sites, at high doping levels it also occupies Mn 3+ sites. 
[T9] . In order to see the effect of Ti 4+ occupying both Mn 3+ and Mn 4+ sites 
two sets of compounds having compositions, Lao^Sro^sMni-aTLrOa with x = 
0, 0.1, 0.2 & 0.33 were prepared employing different preparation procedures. 
Both the sets of compounds have been studied by X-ray diffraction, resistivity, 
susceptibility, magnetoresistance and infra red spectroscopy. It is found that 
magnetic and transport properties of the two sets are seriously affected and 
could be linked to formation of a Jahn teller polarons in these compounds. 



2 Experimental 



Two batches of samples of the type Lao.67Sr .33Mni_ x Ti x 03 with x = 0, 0.1, 
0.2 and 0.33 have been prepared by solid state reaction method. In case of first 
batch the samples were well ground for over 4 hours and annealed at 1300°C 
several times to obtain well ordered samples. These samples are referred to 
as HT samples. While in the other case the samples were ground for a much 
lesser time ~ 30 minutes and annealed at 1100°C. These were termed as 
LT samples. All the samples were characterized by X-ray diffraction using 
Cu K a radiation. Resistivity as a function of temperature was measured in 
the temperature range 80K to 350K using the standard four-probe setup. 
DC susceptibility was measured using a Faraday Balance in the temperature 
range 15K to 300K and a field of lOOOe. Infield resistivity measurements were 
carried out in logitudinal geometry down to 30 K and magnetic fields up 
to 5 T using OXFORD Spectromag 10 T superconducting magnet. Infrared 
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measurements were performed on Shimadzu FTIR-8900 spectrophotometer at 
room temperature in transmission mode in the range of 350 cm -1 to 1000 
cm -1 . The samples were mixed with KBr in the ratio 1:100 by weight and 
pressed into pellets for IR measurements. Temperature variation was achieved 
using an Oxford Optical cryostat with KRS5 windows. 



3 Results and Discussion 

The powder X-ray diffraction (XRD) plots presented in Fig. [1] and [2] show that 
the compounds in the entire substitution range have rhombohedral R3c struc- 
ture. Rietveld refinement of the XRD plots was performed in the hexagonal 
setting of the R3c space group, in which La atoms occupy 6a (0,0,4), Mn 6b 
(0,0,0) and O 18e(x,0,|) positions. The obtained values of lattice parameters 
are presented in Table [TJ It can be seen from the table that for the HT se- 
ries the lattice parameters increase steadily with increasing Ti concentration. 
Such an increase has also been seen by others in these compounds pT2|TT8] . 
The increase in the lattice parameters can be related to the larger ionic radii 
of Ti 4+ ion as compared to that of Mn 4+ ion (r Ti 4+ = 0.605A, and r Mn i+ = 
0.54A). The Mn(Ti)-0 bond distances calculated from the structural parame- 
ters also increases with x but the Mn(Ti)-0-Mn(Ti) bond angles change only 
slightly with x. This indicates that each BOg octahedron undergoes only a 
little distortion with Ti substitution. In the case of LT samples the lattice 
parameters remain nearly constant throughout the series. The calculation of 
bond distances and bond angles shows that both of them remain constant 
throughout the series. 
Table 1 

Lattice parameters for Lao.67Sro.33Mni„ x Ti a; 03 (x=0, 0.1, 0.2 & 0.33) for HT and 
LT samples. Figures in the brackets indicate uncertainty in the last digit. 



lattice constants 


x = 


x = 0.1 


x = 0.2 


x = 0.33 


a(HT) 


5.498(7) 


5.520(7) 


5.530(6) 


5.536(6) 


c(HT) 


13.367(5) 


13.400(6) 


13.422(5) 


13.452(4) 


a(LT) 




5.509(8) 


5.511(9) 


5.514(8) 


c(LT) 




13.372(8) 


13.383(7) 


13.391(9) 



Figure [3] shows the resistivity plots of all the compounds as a function of 
temperature. In the case of x = 0, a metal-insulator transition is observed 
at about 320K. This temperature is lower than the transition temperature 
reported for this compound in literature and could be due to polycrystalline 
nature of the samples reported here. 

Likewise compounds with x = 0.1 and x = 0.2 from the HT set exhibit insulator 
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Fig. 1. X-ray diffraction patterns for Lao.67Sro.33Mni_a;Ti x 03 for HT samples 
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Fig. 2. X-ray diffraction patterns for Lao.erSro.ssMni-^Ti^Oa for LT samples 

to metal transitions but at lower temperatures. Magnitude of resistivity is 
also found to increase with increasing Ti concentration. In the case of x = 
0.33 sample although the resistance increases by several orders of magnitude, 
no metal to insulator transition is observed. A similar trend and transition 
temperatures are also observed in Ti substituted Lai.^Sr^MnOa reported by 
[T2fl4|ll8| . The decrease in the metal to insulator transition temperature Tmi 
and increase in the resistivity with increasing Ti doping level can be ascribed 
to the replacement of some of the Mn 3+ -0-Mn 4+ bonds by the Mn 3+ -0-Ti 4+ 
bonds. The higher radius of Ti leads to an increase of the average (Mn,Ti)-0 
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distance that suppresses double exchange interaction between mixed valent 
Mn ions and hence reduces the ferromagnetic coupling between neighbouring 
manganese. It is also clear that replacing Mn by Ti hampers the electron 
transfer through the Mn +3 - 0~ 2 - Mn +4 network seriously. 

In case of LT samples, no insulator to metal transition is observed in resis- 
tivity. The magnitude of resistivity as well, is much higher than their HT 
counterparts. This could be either due to grain boundary effect or the disor- 
der in Ti doping at lower annealing temperatures. The ionic size of Ti 4+ being 
in between ionic sizes of Mn 3+ and Mn 4+ , there is a possibility of formation 
of Mn 4+ -0-Ti 4+ chains in addition to Mn 3+ -0-Ti 4+ . Recently, in the case of 
Lao.7Sr .3Mn 1 _ x Ti a ,03 type thin films, it was found that with an increase in Ti 
content, the lattice constant first increased due to the substitution of Mn 4+ 
with Ti 4+ , and for x > 0.3 it tended to decrease due to the substitution of 
Mn 3+ by Ti 4+ with a lar ger ionic radius, as well as when excess oxygen was 
introduced [T9]. 




: x = o.o 

10" 1 - 



100 150 200 250 300 350 

Temperature (K) 

Fig. 3. Temperature dependence of the electrical resistivity for samples 
Lao.67Sro.33Mni_ x Ti x 03.The solid lines depict the resistivity of HT compounds 
while the dashed ones of LT compounds. 

Both the above scenario should have its effect on other physical properties as 
well. In order to check this a comparison of susceptibility and magnetoresis- 
tance of x — 0.1 sample from both HT and LT groups was made. Figure H] 
presents susceptibility as a function of temperature for the two samples. A 
clear paramagnetic to ferromagnetic transition is seen in the HT sample at 
a temperature close to that of Tmi- However, in case of LT compound, there 
seems to be a possibility of a weak ferromagnetic like transition just above 
300K. While the ferromagnetic transition in the HT sample can be attributed 
to DE mechanism, no insulator to metal transition is present in the LT sample. 
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Furthermore, magnetoresistance (MR) signal of about 60% at Tmj in a field 
of 5T is seen in the case of HT sample while for the LT sample the MR at 
300K (temperature at which a weak ferromagnetic transition may be present) 
is only about 10% (see figure^]). The MR of LT sample does reach a value 
of 60% at about 85K. At about the same temperature the susceptibility also 
shows signatures of second magnetic transition as can be seen more clearly in 
the inset of figure HI If grain boundaries are the cause of higher resistance in 
the case of LT samples, then the volume fraction sensitive properties like mag- 
netization should not be affected [2U] • However, it can be clearly seen that the 
behaviour of magnetization for x = 0.1 of both HT and LT samples is different. 
Furthermore, studies [20][21 .22 23 24J examining the effect of grain boundaries 
on magnetotransport properties of manganite thin films have shown that low 
field magnetoresistance increases sharply due to intergrain tunneling. In figure 
[6] isothermal magnetoresistance as a function of applied field at various tem- 
peratures is presented. It can be seen that grain boundary effects are not seen 
at higher temperatures where the magnetic transition occurs in LT sample. 
At lower temperatures (< 100K) grain boundary effects are seen and for both 
the samples, low field MR increases with decreasing temperature. Therefore, 
the ferromagnetic transition at ~ 300K in the LT sample can be ascribed to 
a hopping polaron that connects isolated Mn rich regions ferromagnetically. 
It may be mentioned here that the behavior of resistivity in the insulator re- 
gion of both these samples can be explained by Mott's variable range hopping 
model. 




50 100 150 200 250 300 



T(K) 

Fig. 4. Susceptibility as a function of temperature in case of x = 0.1 HT (a) and LT 
(b) samples 

Insulator to metal transition in manganites that is correlated with the param- 
agnetic to ferromagnetic transition, is essentially due to competition between 
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Fig. 5. Magnetoresistance as a function of temperature in case of x = 0.1 HT (a) 
and LT (b) samples 




Fig. 6. Magnetoresistance as a function of field in case of x = 0.1 HT (a) and LT 
(b) samples 

the DE interaction that induces delocalization and the strong Jahn- Teller 
coupling that tends to localize the carrier in a local lattice distortion, viz. the 
formation of lattice polarons [2"o]l2"(3] . To understand the differences in physical 
properties of HT and LT samples, infra-red (IR) absorption measurements as 
a function of temperature have been carried out on x= 0.1 and 0.2 samples. 
IR spectra were recorded in the temperature range 80K < T < 300K such 
that they span the metallic as well as the insulating region. The spectra in the 
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Fig. 7. Plot of infra-read transmission at different temperatures in case of x = 0.1 
HT (a) and LT (b) samples. 

frequency range 500 to 750 cm -1 for x = 0.1 sample are presented in figure [71 
It can be clearly seen that as the HT sample undergoes a insulator to metal 
transition a new mode of vibration as absorption dip is observed at about 
650cm" 1 in the 100K spectra. This vibration mode is in addition to the main 
absorption dip at 600cm -1 which is due to Mn-0 bond stretching. 

It has been reported in literature, especially in case of Lao.7Cao.3Mn03 that 
across the metal insulator transition the Mn-0 stretching mode hardens by 
about 30cm~l, increases in width and develops a fano type symmetry due 
to interaction of phonons with changing polaronic background [27]. However, 
in the Ti doped HT sample the Mn-0 stretching mode at about 600cm _1 
is present even in the metallic state along with a new mode at about 650 
cm -1 . It may be noted here that this new mode is absent in the LT sample 
as can be seen from figure [7Jb). Therefore this new peak is connected to the 
appearance of metal-insulator transition in the samples. Substitution of Ti +4 
for Mn results in Mn +3 -0~ 2 -Ti +4 type chains along with Mn +3 -0 _2 -Mn +4 DE 
pairs. Therefore only those Mn 3+ ions participating in DE interaction will 
interact with the polaronic background resulting in a shift in the stretching 
mode. As there are Mn 3+ ions bonded also to Ti 4+ there will also be a unshifted 
stretching mode at 600cm _1 . 

In SrTiC>3, Ti-0 stretching modes appear at 540cm _1 and 670cm _1 j2B]- There- 
fore it is possible that the actual position of the hardened mode is lower than 
it appears in figure [3a). In order to ascertain the exact position of this mode 
the IR spectra in the region 500 - 740 cm -1 at 300 K and 100 K were fitted 
with three and four Lorentzian's respectively in the case of x = 0.1 and 0.2 
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Fig. 8. Infra-red absorption at 300K and 80K in case of x = 0.1 and 0.2 (HT) 
samples. The solid line is a fit to data in the range 500 to 740 cm -1 . 



HT samples. The results are presented in figure [H] The positions of the Mn-0 
(600cm" 1 ) and Ti-0 (540 and 670cm" 1 ) stretching frequencies were fixed to 
their known values. While the 300K spectra could be fitted well with these 
three modes (1 Mn-0 and 2 Ti-O), the spectra at 100K could only be fit- 
ted with an additional mode at 624 cm -1 . This position of the shifted mode 
agrees very well with the results obtained in case of Lao.7Cao.3Mn03 [27] . The 
new mode is therefore due to Jahn Teller polarons associated with Mn 3+ -0 
stretching. 

In the case of LT samples, as can be seen from figure UJb) the 600cm" 1 mode 
is a quite broadened. This can be related to the presence of disorder in the 
Ti doping. In this sample Ti 4+ substitution causes regions wherein double 
exchange is active and regions which are devoid of double exchange pairs. 
Perhaps the two regions are in such a proportion that the strengths of respec- 
tive stretching modes are nearly same resulting in a broad absorption dip. 



The Mn rich regions whrein double exchange is active, can order ferromagnet- 
ically. However, these regions are separated by Ti rich regions which isolate 
them so as not to exhibit either insulator to metal transition or magnetore- 
sistance at the Tc- Isolated Mn rich regions may be linked to each other by 
a variable hopping range polaron. Such a linkage could be the cause of weak 
ferromagnetism in these samples. 
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4 Conclusions 



In this paper results of transport, magnetic and optical properties of Ti doped 
La .67Sr .33MnO3 manganites annealed at two different temperatures are pre- 
sented. It is seen that low temperature annealing leads to vastly different 
properties like higher ferromagnetic transition temperature, absence if metal- 
insulator transition, absence of MR etc. Grain boundary contribution alone 
cannot explain all the results. From the magnetic, transport and spectroscopic 
measurements it is concluded that in the high temperature annealed samples 
the Ti 4+ ion replaces Mn ions leading to formation of Mn 3+ -0-Ti 4+ bonds. 
While in the low temperature annealed case substitution of Ti leads to forma- 
tion of inhomogeneous short range ordered ferromagnetic clusters. The weak 
ferromagnetic signal observed at 300K in the LT samples could then be due 
to the isolated DE pairs connected via a variable range hopping polaron. 
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